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Abstract: Interdependencies between the Ir i sh stock market and two other stock markets, 
namely the United Kingdom and Germany, are assessed. The indices used are the I S E Q , the 
F T S E - 1 0 0 , and the F A Z . The application of cointegration techniques suggest that a long-run 
relationship does not exist between either the stock markets' price levels or their rates of return. 
There is however, a significant increase in the correlation between short-run returns across the 
markets after the 1987 stock market crash. Greater stock market integration has coincided with 
greater financial and economic integration. No lead-lag relationships are found for the pre-crash 
period in applying Granger causality tests. However, important uni-directional causality is found 
for the post-crash period. Indicating that the Ir i sh stock market is inefficient. Significant 
contemporaneous causality is detected for the period of the stock market crash. 

I I N T R O D U C T I O N 

I t is of par t icular interest to examine the interdependencies between the 
I r i s h , Un i t ed Kingdom and German stock markets for the simple reason 

t h a t these countries have h igh economic interdependencies w i t h I re land . 
Tradi t ional ly , Ireland's economy was l inked w i t h tha t of the Un i t ed Kingdom. 
However, there have been considerable changes i n the economic posit ion of 
I re land i n relat ion to the U K and German economies since jo in ing the E R M . 1 

Recently ar i s ing from the September 1992 exchange rate crises there has 

L Giavazzi and Giovannini (1988, 1989), Cal lan and Fitz Gerald (1989), Kremers (1990), and 
Leddin (1991). 

* I wish to acknowledge Connell Fanning, Mart in Kenneally and Barry Murphy (University 
College, Cork), David Cronin (Central Bank of Ireland), Arthur Wilson (Case Western Reserve 
University), Tassos Malliaris (Loyola University, Chicago) and two anonymous referees for their 
helpful comments and suggestions. 



been considerable debate about the influence of the U K and German financial 
markets on the I r i s h markets. Evidence of linkages between the countries is 
based on exchange, interest and inf la t ion rates movements (Walsh 1993a, 
1993b; and O'Leary, 1993). Stock marke t linkages has not been explored. 
There has been a convergence of inf la t ion , interest and exchange rates to 
German rates; less so for the U K which remained outside the E R M u n t i l 1989 
and left again i n September 1992. 

I t is argued t h a t the membership of the E R M , and thus the te rmina t ion of 
the no margins exchange l i n k w i t h sterling, and the reduced reliance on U K 
markets has fur ther resul ted i n the economic and financial in tegra t ion of 
I r e l a n d to Germany, as compared to the U n i t e d Kingdom. I n examining 
interest and in f la t ion rates Walsh (1993b) provides econometric evidence to 
show t h a t a l though up to 1992 I r i s h f inancial markets were increasingly 
influenced by German markets , the U K markets had remained as a h igh ly 
significant influence on I r i s h financial markets. 

The extent to which the I r i s h financial markets are integrated w i t h the U K 
and German markets, leads to the expectation tha t interdependencies of the 
I r i s h stock marke t w i t h bo th the U K and German markets should be 
observable. As Walsh (1993b) points out i t is the degree of interdependency 
t h a t is important . This is the issue addressed here. 

I n the next section the l i t e ra ture on the in tegrat ion of stock markets is 
reviewed. I n section I I I the data is described. Section I V outlines the theory 
and discusses the appropriate stat ist ical methods of tes t ing for short- and 
long-run stock market integrat ion. Granger methodology is employed to test 
for un i -d i rec t iona l and b i -d i rec t ional causality. Section V contains the 
empir ica l results. Section V I concludes the study, w i t h implicat ions of the 
cointegrat ion and causali ty results for the I r i s h Stock Exchange and for 
market efficiency. 

I I I N T E G R A T I O N OF STOCK MARKETS 

In tegra t ion of financial markets reflected i n the interdependencies among 
nat ional stock market indices has been the focus of numerous studies on the 
efficiency of in ternat ional capital markets, especially equity markets. Marke t 
in tegra t ion implies tha t assets of s imilar r i sk i n different countries provide 
the same expected re turns i n some common currency. This issue has been 
addressed th rough a var ie ty of tests and procedures. For example, Stehle 
(1977), Er runza and Losq (1985), Jorion and Schwartz (1986), and Hie ta la 
(1989) have a l l examined whether stock markets are segmented or inte
grated. Equit ies i n a segmented stock market are priced according to factors 
par t icu lar to t h a t domestic market . I n an integrated marke t equities are 



priced according to international factors. 
Fol lowing Solnik (1974, 1977), assets are priced in te rna t iona l ly by the 

following two equation model 2 

R J

h = r f + | 3 J

h ( R j - r f ) +er ror ( D 

for a l l h , and 

R j = r f + Y j ( R m - r f ) + u j (2) 

for al l j . 

Where RJ is the required re tu rn on the market portfolio of country j , R m is the 
required r e t u r n on the in terna t ional market portfolio, R£ is the required 
r e tu rn on asset h i n country j . The systematic risks of asset and country are 
given by (3̂  and y J , respectively. The degree of segmentation between the 
national and internat ional stock markets is represented by the error t e rm u->, 
a measure of country-specific influences on stock prices. 

If, as i n the case of a number of s tudies , 3 a test is conducted for stock 
marke t in tegrat ion using a universal asset pr ic ing model, such as out l ined 
above, the inevi table j o i n t hypothesis problem arises, t h a t is , are the 
assumptions of the model or market integrat ion being tested? For this reason 
results have not been conclusive. Furthermore, even i n the absence of market 
in tegra t ion , in te rna t iona l ly diversified portfolios could be mean-variance 
efficient. Thus, tests l ike those described above can be wi thou t power as tests 
of in te rna t iona l stock market in tegrat ion (Wheatley, 1988). However, th is 
does not d imin i sh the importance of the stock market in tegrat ion question. 
For example, i f the internat ional market portfolio is mean-variance efficient, 
bu t asset markets are segmented internationally, then the cost of capital for a 
project w i l l s t i l l generally depend on the country i n which the capital is to be 
raised. This is because when asset markets are segmented internat ional ly no 
ind iv idua l w i l l hold the wor ld market portfolio. 

Other in te rna t iona l studies have examined the interdependencies and 
lead-lag relationships among nat ional common stock indices (Agmon, 1972; 
Schollhammer and Sand, 1987; Khoury , Dodin and Takada, 1987). The 
results from these studies are mixed, and consequently consistent inference 
cannot be drawn. 

A s imilar methodology is used by Donnelly (1991) for the I r i s h and U K 
stock markets. Us ing daily returns for the I r i s h Times-Cara Index and the 

2. I f a common currency is assumed, a common world risk-free rate of interest r f can be used. 
3. For example, E r r u n z a and Losq (1985), Jorion and Schwartz (1986), Wheatley (1988), and 

Hietala (1989). 



FT-A11 Share Index for the period January 1, 1975, to July 22, 1988, Donnelly 
found tenta t ive support for the hypothesis tha t the London stock market 
influences the D u b l i n stock market w i t h a lag. Donnelly was p r imar i ly con
cerned w i t h seasonality factors i n the I r i sh stock market. He, therefore, only 
provided a br ief account of the lead-lag relationship. 

More recent internat ional studies have examined the degree of interdepen-
dencies using the concept of Granger causality (for example, Eun and Shim, 
1989; Taylor and Tonks, 1989; M a t h u r and Subrahmanyam, 1990; Mal l i a r i s 
and U r r u t i a , 1992). This approach is not subject to a priori restrictions on the 
s t ruc tu ra l re lat ionships among the variables. Thus the j o i n t hypothesis 
problem, as mentioned above, does not arise. 

I l l DATA DESCRIPTION 

A l l data are weekly from Datastream (closing reading), unadjusted for the 
period January 17, 1983, to February 15, 1993. 4 The precise indices used are: 
(i) for I re land , the ISEQ Index; ( i i ) for the U K , the FTSE-100 Index; and 
( i i i ) for Germany, the Frankfurter Allgemeine (FAZ) General Index. A l l data 
were deflated by the I r i s h pound exchange rate and converted to na tu ra l 
logarithms. 

To investigate marke t in tegrat ion using cointegration and Granger caus
a l i t y tests, re turns are calculated and the data are divided into three sets. 
The weekly re turns are calculated by the f i rs t differences of the na tu ra l 
l o g a r i t h m of each price index j , converted in to common currency, I r i s h 
pounds, terms. That is, 

R{ = L n ( P { ) - L n ( p { _ 1 ) (3) 

for any stock market j and where PJ denotes the price level of index j i n I r i sh 
pounds. 

The sample is divided into three t ime periods to capture the effect of the 
1987 stock marke t crash as w e l l as the greater economic and f inancial 
in tegrat ion of I re land w i t h Germany. The t i m i n g of subperiods is influenced 
by trends i n key economic variables, polit ical events and a number of recent 
studies on Ireland's experience i n the E R M . Most recently, Walsh (1993a, pp. 
1-2, 4) argues tha t "between the first quarter of 1979 and the first quarter of 
1986 ... there was l i t t l e evidence of convergence of I r i s h interest rates or 

4. The source of the data is Datastream but it has also been cross-checked with the Financial 
Times. The price indices and exchange rates chosen are the closing Monday price and rate. If, 
however, Monday is a non-business day (e.g., holiday) it is relocated to the next available 
business day. 



i n f l a t ion to German levels ... [however] by mid-1987 ... the I r i sh-German 
[interest rate] differential almost disappeared". 5 Therefore, up to mid-1987 
there is l i t t l e evidence of in tegra t ion of I r e l and w i t h Germany . 6 Th i s 
coincides w i t h the 1987 stock marke t crash and thus, for stock markets , 
provides a convenient division of the sample. The t ime sets are given as 

(i) January 17, 1983, through October 12, 1987: 
the period before the 1987 stock market crash. 

(ii) October 19, 1987, through December 7, 1987: 
the period of and jus t proceeding the stock market crash. 

( i i i ) December 14, 1988, through February 15, 1993: 
the period after the stock market crash. A period of greater f inancial 
and economic integrat ion of I re land w i t h Germany. 

The characteristics of stock market returns provide a general comparison 
of the three stock markets . This gives an ins igh t in to the re la t ionship 
between stock markets. 

The standard deviation of the returns for the three stock markets between 
17/1/83 and 15/2/93 was large, being consistently over 2 per cent per week. 
This was also the case for the two subperiods before and after the crash. The 
standard deviat ion for the crash period itself, 19/10/87 th rough to 7/12/87, 
was over 8 per cent for the three markets. 

For the three markets, stocks yielded an average weekly r e t u r n of about 
0.3 per cent (over 15 per cent per annum) for both I re land and Germany and 
about 0.15 per cent (under 8 per cent per annum) for the Un i t ed Kingdom. 
The stock marke t yielded a substant ial ly greater average r e t u r n for the 
subperiod before the crash than after the crash, w i t h no significant change i n 
the standard deviation of returns. Over five t imes greater for the I r i s h stock 
market, three times for the U K and two times for Germany. There has been a 
sizable adjustment and revision downwards i n expected re turns after the 
crash for a l l markets. 

For the fu l l sample, the three stock market re turns exhibi t a significant 
negative skewness. None of the distr ibutions exhibited significant skewness 
for the period before the crash. However, for the period after the crash both 
German and U K re turns were s ignif icant ly negative skewed. A s imi l a r 

5. A number of studies have explored possible reasons for the gradual convergence of Ireland's 
interest rates on Germany's (for example, Giavazzi and Giovannini, 1988, 1989; and Kremers, 
1990). 

6. The Central Bank of Ireland also referred to the change in policy: "Since 1987 ... financial 
markets in Ireland have become more closely integrated with continental markets. ... [Develop
ments in Ir ish financial markets — particularly movements in interest rates - strongly mirror 
developments in our narrow band partners ..." (.Central Bank Quarterly Bulletin, Winter 1992, 
p. 45). 



pat te rn to tha t of skewness also holds for kurtosis (or curvature). For sub-
periods when marke t returns are significantly negatively skewed they also 
tend to exhibi t positive kurtosis. 

I n summary, the three stock markets exhibit a s imilar pat tern of re turns 
for the f u l l sample period. I r i s h stocks yielded a r e tu rn approximately equal 
to Germany b u t subs tan t ia l ly greater t h a n the U n i t e d Kingdom. The 
d i s t r i b u t i o n of re turns are both negatively skewed and leptokurt ic . I t is 
evident t h a t the crash plays an impor tan t role i n skewing the d is t r ibut ion. 
This is especially the case for I re land and to a lesser degree the U K and 
Germany. 

The characteristics of stock market returns as described above provide a 
general comparison of the three stock markets. However, inference on the 
integrat ion of stock markets is restricted to examining whether dis tr ibut ional 
features are s imilar . This measure is not an adequate test of stock marke t 
integrat ion. The recent advancements i n econometric t ime series methods, as 
out l ined i n the next section, provides the methodology necessary to test for 
stock market integration. 

A simple test of the in tegra t ion of two stock markets is to consider the 
correlation coefficient between the returns of the market portfolio for the two 
countries. By comparing successive subperiods, one can determine whether 
the two stock markets have become increasingly integrated. A drawback of 
t h i s test is t h a t i t is a static test measur ing shor t - run stock marke t 
integration. 

A long-run relationship between two stock market indices, j and k, can be 
represented by 

where stock market in tegrat ion i n the long-run implies a l inear relationship 
between the na tu ra l logari thms of the portfolio price indices, PJ and P k . This 
is a test of the cointegration of two variable series. I f Ln(P->) and L n ( P k ) are 
cointegrated, the error t e rm e t i n Equation (4) is stationary and there exists a 
long-run e q u i l i b r i u m 7 relationship between the two series. 

If , as is typica l for f inancial t ime series, Ln(P>) and L n ( P k ) are both non-
s ta t ionary and t he i r f i r s t differences PJ and R k are stationary, they are 

I V M E T H O D O L O G Y 

a 0 + a i L n ( P k ) (4) 

7. With the cointegration literature all that is meant by equilibrium is that it is an observed 
relationship which has, on average, been maintained by a set of variables for a long period (Engle 
and Granger, 1987, 1991). 



integrated of the order one, I ( l ) . 8 When each price index is 1(1) and there is a 
l inear combination of the Ln(P-i) and Ln(P k ) that is stationary, 9 the two sets of 
prices are said to be cointegrated and hence there exists a form of long-run 
stock market integration. 

Also, of interest is the existence of lead-lag relationships between the stock 
markets . Tha t is, whether one stock market index helps forecast another 
price index. Given the small size of the I r i s h stock exchange, such relat ion
ships are l ike ly to be present. The Granger-causality test, expressed as a 
vector autoregression (VAR) i n the f i r s t differences, determines i f lead-
lag relationships exist and i n wha t direction. Equat ion (5) represents the 
t r a d i t i o n a l Granger regressions, when marke t k is said to cause (leads) 
market j , provided some coefficient v{ is not zero 

R1 = Qo + I v ! R t - i + I ^ R j - g + error (5) 
i=l g=l 

Similar ly , j is causing k i f some v f is not zero 

Rt = qo + I ^H-i + I W - g + e n ™ (6) 
i=l g=l 

I f both of these events occur, there is bi-directional feedback. When only 
one event occurs there is uni-direct ional feedback. The test for causality is 
based on an F-stat is t ic w h i c h is calculated by e s t ima t ing the above 
expression i n both constrained (X v j = 0 and X v f = fj) and unconstrained 
forms and is given by, 

F * _ ( S S E c - S S E u ) / m y 2 m 

S S E u / ( T - 2 m - l ) X m 

where 
SSEC S S E U = r e s i d u a l sum of squares of t he cons t ra ined and 

unconstrained models, respectively. 
T = tota l number of observations, 
m = number of lags. 

The F-statistic, F*, tests for the j o i n t significance of the coefficients of the 
lagged changes. 

8. This result may not be typical for the Irish stock exchange, as it is small with relatively few 
listed stocks; the majority of which are thinly traded. Jennergen and Korsvold (1974) argue that 
stock prices in small markets are less likely to follow a random walk (i.e. non-stationary) and, 
therefore, these markets are more likely to be inefficient. Furthermore, the size and trading 
structure of these markets implies that information may not be readily available, making it more 
costly for investors to acquire information. 

9. That is, in Equation (4) e t is stationary. 



I n the presence of cointegrat ion the Granger causality tests, are mis -
specified. The Granger regressions must be adjusted by incorporat ing the 
residuals from the cointegrating regression, Equat ion (4), as an addit ional 
independent var iable i n the Granger regression equations. The adjusted 
Granger regressions are given by the following equations: 

Rj = b j + Sc |Rf_ i + I d jR{ +er ror (8) 
i=l g=l 

R k =bo + £c k RJ_i + 2 d | | R £ + < p e t _ 1 +error @) 
i=l g=l 

where the error-correcting coefficients given by y and <p. 

V E M P I R I C A L RESULTS 

As an i n i t i a l step i n test ing the degree of segmentation and the integrat ion 
of stock markets over t ime is to calculate the correlation coefficients between 
the re tu rns on the marke t portfolio for the two countries. A significant 
increase i n the correlation coefficient implies an integrat ion of the two stock 
markets. 

Correlat ion coefficients of I r i s h stock market returns w i t h those of the U K 
and German stock markets, for each of the subperiods are reported i n Table 
1. There appears to be a substant ial change i n the correlat ion between 
subperiods. This is especially the case w i t h regard to the period of the stock 
m a r k e t crash, a substant ia l decrease i n the correlat ion of I r e l and w i t h 
Germany and a substantial increase w i t h the Uni ted Kingdom. However, for 
tha t period the standard errors of the correlation coefficient showed a marked 
increase, ind ica t ing volat i le movement i n the correlation of stock marke t 
returns. The results indicate tha t dur ing the crash the focus of the I r i s h stock 
exchange was on price movements i n the U K stock exchange rather than the 
German exchange. 

Compar ing the period after and the period before (but not dur ing) the 
crash, there is a significant increase i n the correlation coefficient of I re land 
w i t h both the U K and Germany . 1 0 

10. A formal test for equality of the correlation coefficients across the subperiods is pro
vided by Kendall and Stuart (1967, p. 984). Denoting two subperiods by subscripts 1 and 2, under 
the null hypothesis Ho: p x = p 2 , the test statistic is 

K { L n [ ( l + r 1 ) / ( l - r 1 ) ] + L n [ ( l - r 2 ) / ( l + r 2 ) ] } 

[ l / f T x - S f l + f l / f T a - a ) ] 

and is distributed approximately standard normal. The sample correlation coefficient is given by 
r and the population by p and T l and T 2 are the number of observations in each sub-period. 



Table 1: Correlation of Stock Market Returns 

Correlation of 
Ireland with 

(1) 
Full Period 

17/1/83-15/2/93 

(2) 

17/1/83-12/10/87 

(3) 

19/10/87-7/12/87 

(4) 

14/12/87-15/2/93 

(5) 

Test (2) = (4) 

United 0.2172 0.0026 0.4561 0.1975 -25.9478 
Kingdom (0.0018) (0.0041) (0.1320) (0.0036) 

Germany 0.2657 0.1441 0.0064 0.3223 -61.3494 
(0.0018) (0.0040) (0.1667) (0.0033) 

Note: Standard errors of the correction coefficients are given in parentheses. 

These results suggest that , there has been a significant increase i n the 
correlat ion of short-run stock market re turns . A substant ial higher corre
l a t i o n of I r e l a n d w i t h Germany is recorded. Th i s impl ies an increased 
integrat ion of the I r i s h stock market w i t h both the U K and German markets. 

I n summary, there had been a marked increase i n the corre la t ion of 
I re land w i t h the U K dur ing the period of the stock marke t crash. However, 
excluding the crash period, the short-run correlation of I re land w i t h Germany 
has increased over t ime , at a level greater t h a n the correlat ion of I r e l and 
w i t h the Un i t ed Kingdom. 

I n order to get more ins ight in to the in tegrat ion of the I r i s h marke t w i t h 
the U K and German stock markets, cointegration techniques are applied. 
Such results w i l l indicate i f there exists a long-run relationship between two 
stock markets , and whether the relat ionship implies tha t the markets are 
h ighly correlated. The existence of a h ighly correlated long-run relat ionship 
between two stock markets indicates t h a t there exist l i t t l e gains from 
diversifying beyond one market to both markets. 

The results of the u n i t root tests for both stock market indices and returns 
are presented i n Table 2. I n the case of the stock marke t indices, the n u l l 
hypothesis of a u n i t root cannot be rejected, at a l l relevant significance levels. 
Only the German stock market index (FAZ) margina l ly rejects the u n i t root 
hypothesis at the 10 per cent level. I n contrast, even at the 1 per cent level, 
none of the stock marke t r e tu rns accept the hypothesis of u n i t root. 
Therefore, the stock market indices are integrated of the order one, 1(1), for 
each of the t ime periods studied. F i r s t differencing the stock market indices 
induces stationarity. 

Table 3 reports the resul ts of the appl ica t ion of E q u a t i o n (4), the 
cointegrating regression, to the stock market indices. Two test statistics are 
computed under the n u l l hypothesis of no cointegration. The t rad i t iona l test, 
the augmented Dickey-Fuller (ADF) test, at no t ime rejects the hypothesis of 
no cointegration, even at the 10 per cent significance l e v e l . n The results 

11. In each case the number of lags is 4. Adding higher order of lags did not alter the 
qualitative findings. 



Table 2: Unit Root Test for Stock Market Indices and Returns 

Stock Market Index 
Full Sample 

17/1/83-15/2/93 1 711183-12110187 14112187-1512193 

Ireland -2.0959 -1.0799 -3.0393 
United Kingdom -2.9226 -2.4708 -1.8791 
Germany -2.4802 -1.5386 -3.2011 

Stock Market Returns 

Full Sample 
17/1/83-15/2/93 17/1/83-12/10/87 14/12/87-15/2/93 

Ireland -9.3277 -7.1440 -5.9376 
United Kingdom -9.7959 -7.4172 -6.8256 
Germany -10.0481 -7.5260 -6.8047 

Note: The critical values for Dickey-Fuller t-statistic x, for the null hypothesis of 
unit root, are -3.13 at the 10 per cent significance level, -3.42 and -3.98 at 
the 5 per cent and 1 per cent levels, respectively. 

Table 3: Cointegration Tests for Stock Market Indices 

Cointegrating Regression 
L n ( P j = a 0 + a 1 L n ( P k ) + e t 17/1/83- 15/2/93 17/1/83- 12/10/87 14/12/87- • 15/2/93 

(Country j , Country k) A D F z« A D F z a 
A D F z„ 

(Ireland, United Kingdom) -1.70 -6.670 -0.534 -1.283 -2.169 -10.179 
(Ireland, Germany) -1.585 -6.566 -2.327 -10.414 -2.617 -6.973 
(United Kingdom, Ireland) -2.618 -11.240 -1.642 -4.715 -1.831 -8.895 
(Germany, Ireland) -1.026 -0.412 -2.225 -10.113 -0.168 -1.316 

Notes: The critical values for the Augmented Dickey Fuller (ADF) t-stastic $ for null hypothesis 
of no cointegration, are 2.84 at the 10 per cent level of significance, 3.17 and 3.77 at the 5 
per cent and 1 per cent levels, respectively. 
The critical values for the Z a -s tat is t ic for the null hypothesis of no cointegration, are 
-16.65 at the 10 per cent level of significance, -20.05 and -27.86 at the 5 per cent and 1 
per cent levels, respectively. 

of the Z a Phi l l ips-Oul iar i s test also indicate the absence of cointegration 
between stock market indices. 1 2 

This implies tha t there exists no long-run relationship either between the 
I r i s h and U K stock markets or the I r i s h and German stock markets . 
Therefore the hypothesis t h a t there exist no long t e r m gains for I r i s h 
investors d ivers i fy ing in to ei ther the U K or German stock markets is 
rejected. However, from Table 1, the short t e rm gains from diversifying into 
either the U K or German stock market have marginal ly decreased over t ime 

12. A lag window of 2 was chosen. 



since returns for the stock markets have become more correlated. 
I n order to get more insights about the relationships of the I r i s h to the U K 

(and to the German) stock markets , the Granger causali ty regressions, 
Equations (5) and (6), are reported. These test for the presence and direction 
of lead-lag relationship between stock markets. 

Table 4 tabulates the ma in findings of the Granger causality tests. The F*-
statistic tests the n u l l hypothesis of no Granger-causal relationship between 
the I r i s h and U K , and between the I r i s h and German, stock markets. For the 
pre-crash period, the n u l l hypothesis of no causality cannot be rejected. This 
indicates the absence of significant lead-lag or feedback relationships. 

For the post-crash period, there is a s ignif icant increase i n the F*-
stat is t ic . 1 3 The results indicate the presence of Granger causality r u n n i n g 
from the German and U K markets to the I r i s h stock market , bu t not i n the 
opposite direction. Tha t is, there exists uni-directional causality to the I r i s h 
stock market: the Uni ted Kingdom leads Ire land and Germany leads Ireland. 
However, i n the U K case the uni-directional causality is only significant at 
the 20 per cent level. Also note tha t the period of increased economic and 
f inancial in tegra t ion of the I r i s h and German economies, the post-crash 
period, coincides w i t h the dramatic increase i n the calculated F* between the 
two periods w i t h the German stock market. 

Table 4: Granger Causality Tests 

Null Hypothesis: 
i does not Granger-cause j 
(i->j) 

17/1/83-15/2/93 
F(4,513) 

17/1/83-12/10/87 
F(4,234) 

14/12/87-15/2/93 
F(4,262) 

United Kingdom - » Ireland 6.8454* 0.5732 6.9449* 
Ireland -» United Kingdom 2.5245 0.9948 1.4838 
Germany —»Ireland 26.8711** 3.1474 12.4450** 
Ireland -» Germany 1.3508 1.9069 0.3488 

Notes: *Significant at the 20 per cent level. 
**Significant at the 1 per cent level. 

The F*-statistic for the fu l l sample period is also reported i n Table 4. As i n 
the case of the post-crash period, there exists uni-directional causality to the 
I r i s h stock market . This provides fur ther evidence tha t the I r i s h stock 
market is inefficient . 1 4 

Furthermore, by including the current values for the stock market returns 

i 
13. To ensure white noise residuals, m = 4 for each case. Adding higher lags did not alter the 

qualitative findings. 
14. Also, see McKillop and Hutchinson (1987). 



i n the Granger causality regressions as an extra explanatory variable, tha t is, 
R k i n Equat ion (5), and R-> i n Equation (6) contemporaneous causality can be 
tested. This allows for the fact t ha t RJ and R k may affect each other contem
poraneously. Thei r estimated coefficients, reported i n Table 5, are significant 
for a l l stock marke t Granger-causal relationships for the post-crash period 
and over the f u l l sample. However, for the pre-crash period no significant 
contemporaneous causality between the I r i s h and U K markets is observed 
and is ins ignif icant at the 1 per cent level w i t h the German market . This 
resul t is s imilar to tha t of the earlier causality tests; causality is absence pre-
crash period but present post-crash period. 

Table 5: Contemporaneous Causality Tests 

Null Hypothesis: 1711183-1512/93 1 7/1/83-12/10/87 14/12/87-15/2/93 
i does not Granger-cause j 

United Kingdom —»Ireland 0.1620 -0.0105 0.1568 
(0.0384) (0.0615) (0.0489) 
[4.2173] [-0.1709] [3.2034] 

Ireland -» United Kingdom 0.2072 -0.0119 0.2413 
(0.0491) (0.0697) (0.0753) 
[4.2173] [-0.1709] [3.2034] 

Germany —»Ireland 0.2707 0.1813 0.3197 
(0.0419) (0.0754) (0.0574) 
[6.4613] [2.4025] [5.5692] 

Ireland —> Germany 0.2785 0.1336 0.3322 
(0.0431) (0.0555) (0.0597) 
[6.4613] [2.4025] [5.5692] 

Notes: The 5 per cent significance level is given by 1.96, 10 per cent by 1.645, and 1 per cent by 
2.576. Standard errors are given in parentheses, and. t-statistics are given in square 
brackets. 

A substant ia l increase i n contemporaneous causality between the I r i s h 
stock marke t and both the U K and the German markets for the two sub-
periods is detected. This resul t reinforces the conclusion drawn from Table 1. 
The increasing importance of the German stock market to the I r i s h stock 
marke t is indicated by a larger contemporaneous causality coefficient t h a n 
tha t of the U K , increasing from 0.2707 to 0.3197 (and from 0.2785 to 0.3322). 
F r o m the results of the shor t - run correlation coefficients and the contem
poraneous causality results, there is a low level of in tegra t ion of the I r i s h 
stock marke t w i t h the German market . This level is, however, higher t han 
the in tegra t ion w i t h the Un i t ed Kingdom. Therefore, for I r i sh investors there 
exists gains from diversifying the i r portfolio across countries; the U K pro
v id ing a larger gain t han Germany. 



I n summary, the contemporaneous Granger causality test addresses two 
issues; the efficiency of the I r i s h stock exchange and diversif ication possi
b i l i t i e s . The corre la t ion coefficient indicates the level of stock m a r k e t 
in teg ra t ion and therefore the possibi l i ty of gains f rom diversif icat ion. A 
s imilar measure is the contemporaneous coefficient. The larger the value on 
the coefficient the lower the possibility of gains from diversification. Whereas, 
significant lead-lag relationships suggests tha t the market is inefficient. 

F inal ly , the importance of the stock market crash has been highl ighted i n 
a number of recent in ternat ional studies. A comprehensive analysis is pro
vided by Roll (1988). However, l i t t l e at tention has been given to the effect of 
the crash on the in tegra t ion of the I r i s h stock marke t w i t h other stock 
markets. 

Us ing daily data, the 1987 stock market crash period, October 19, 1987, 
th rough December 11, 1987, is tested for causal relationships. Table 6 sum
marises the results. These results indicate tha t there exists two cointegrating 
relationships; the I r i s h and the U K stock marke t indices and the I r i s h and 
the German stock market indices . 1 5 The Granger causality tests indicate no 
lead-lag relat ionship. However, the contemporaneous causality coefficients 
show tha t feedback occurs immediately wi thou t a lag. Tha t is, the effect of 

Table 6: Cointegration and Granger Causality Tests for the Period of the Stock 
Market Crash, 19/10/87 to 11/12/87 

Cointegrating Regression 
Ln(PJ) = ao + a1Ln(Pk) + et 

(Country j , Country k) 

ADF Za Granger-
Causality 

TestF(2,35) 
k ->j 

Contemporaneous 
Coefficient 

Error-
correcting 
Coefficient 

y and cp 

(Ireland, United Kingdom) -1.832 -13.051 1.665 0.8024 
(0.1153) 
[6.9585] 

(Ireland, Germany) -2.742 -28.279 0.158 1.0475 
(0.1389) 
[7.5424] 

0.0253 
(0.3466) 
[0.0073] 

(United Kingdom, Ireland) -3.569 -23.490 1.510 0.6592 
(0.0786) 
[8.3867] 

-0.4686 
(0.2066) 

[-2.2681] 

(Germany, Ireland) -2.980 -28.037 1.017 0.5712 -1.0409 
(0.0815) (0.3688) 
[7.0045] [-2.8224] 

Note: As Tables 2, 3 and 4. The order of lagged of m = 2, was chosen to ensure white noise 
residuals. Standard errors in parentheses, and t-statistics are given in square brackets. 

15. Note that the F T S E - 1 0 0 is cointegrated with the I S E Q , but the reverse, the I S E Q 
cointegrated with the F T S E - 1 0 0 cannot be accepted. 



the crash had a simultaneous effect on the three markets, w i t h no significant 
lead-lag effects. 

The results here are consistent w i t h s imilar in ternat ional studies. More 
recently, M a l l i a r i s and U r r u t i a (1992) considered six stock market indices 
and detects impor tan t feedback relationships and unidirectional causality for 
the October 1987 crash. They suggest t ha t the crash was an in terna t ional 
crises tha t occurred simultaneously i n a l l the stock markets. 

V I S U M M A R Y A N D CONCLUSION 

The interdependencies between the I r i s h and U K stock markets , us ing 
the ISEQ and the FTSE-100 stock market indices were examined. Ar i s i ng 
from the greater economic and financial in tegra t ion between I re land and 
Germany, the degree of in tegra t ion of the ISEQ and the FAZ stock market 
indices is also assessed. 

A l though the I r i s h and the U K stock exchanges are connected by a com
mon system of standards and regulat ion, there does not appear to exist a 
long- run re la t ionship between the two stock markets . The applicat ion of 
cointegrating techniques also indicates a s imilar result for the integrat ion of 
the I r i s h and German stock markets. However, there has been a significant 
increase i n the correlation of short-run stock market returns as a result of a 
greater financial and economic integrat ion w i t h Germany. 

F u l l i n t eg ra t ion impl ies simultaneous adjustment to new in format ion 
coming in to markets , thereby e l imina t ing any opportunities for abnormal 
profits associated w i t h lagged informat ion processing. However, from the 
interdependencies among these markets and the lead-lag s t ructure as 
ident i f ied, an investor, for instance i n I re land could anticipate stock price 
changes i n the I r i s h marke t by observing Germany's stock marke t and 
perhaps derive abnormal r e t u r n s . 1 6 The presence of a lead-lag relationship 
suggests tha t the market is inefficient. 

There exist potential gains to an I r i s h investor from diversifying portfolios 
across countries. The absence of a long-run relationship is l ike ly to result i n 
the benefits accruing both i n the short-run and the long-run. The relaxation 
of exchange controls t ha t economic and monetary union brings should allow 
I r i s h investors to invest i n an efficient portfolio by moving thei r funds into 
other stock markets . This is l i ke ly to have serious consequences for the 
development of the I r i s h stock market. 

Us ing Granger causality tests, lead-lag relationships between the ISEQ 
index and the FTSE-100, and the FAZ, indices were analysed. Practically no 

16. This claim should be considered in the light of wide bid-ask spreads and thin trading on 
the Irish stock market. 



lead-lag relationships were found i n the pre-crash subperiod. However after 
the crash, a period of greater in tegra t ion of the I r i s h economy w i t h t h a t of 
Germany, evidence of unidirect ional causality is found between the I r i s h and 
German markets; the German stock market leading the I r i s h market . Also, 
the U K , wh i l s t less significant, leads the I r i s h market . These relationships 
indicate tha t the I r i s h stock market is inefficient. Fur thermore , there is an 
increase i n contemporaneous causality du r ing the post-crash subperiod. The 
increase is not sufficient to accept the hypothesis of no gains for I r i s h 
investors diversifying i n to ei ther the U K or German stock markets . The 
results indicate tha t not only is the I r i s h stock marke t inefficient, i t is also 
segmented w i t h both the U K and German markets. Thus the cost of ra i s ing 
capital for a project on the I r i s h stock market is l ike ly to be greater t han for a 
s imilar project i n a market tha t is efficient. 

D u r i n g the period of the stock marke t crash there had been a m a r k e d 
increase i n the correlat ion of the stock marke t re turns of I re land and the 
U n i t e d Kingdom. The results f rom the contemporaneous causal i ty tests 
confirm and clarify in ternat ional studies which found tha t the crash started 
more or less simultaneously for the three stock markets. 

I n summary, the results have impor tan t implicat ions for the efficiency of 
the I r i s h stock market . The causality tests indicate tha t the I r i s h marke t is 
inefficient. Furthermore, not only do there appear to be short-run gains from 
diversifying internat ional ly but gains persist into the long-run. 

REFERENCES 

AGMON, T., 1972. "The Relationship Among Equity Markets: A Study of Share Price 
Co-Movements i n the United States, United Kingdom, Germany and Japan", 
Journal of Finance, Vol. 27, pp. 839-855. 

CALLAN, T., and J. FITZ GERALD, 1989. "Price Determination in Ireland: Effects of 
Changes in Exchanges and Exchange Rate Regimes", The Economic and Social 
Review, Vol. 20, No. 2, pp. 165-188. 

DICKEY, D.A., and W.A. FULLER, 1981. "Likelihood Ratio Statistics for 
Autoregressive Time Series with a Unit Root", Econometrica, Vol. 49, pp. 1,057-
1,072. 

DONNELLY, R., 1991. "Seasonality in the Irish Stock Market", Irish Business and 
Administrative Research, Vol. 12, pp. 39-51. 

ENGLE, R., and C.W.J. GRANGER, 1987. "Co-integration and Error Correction: 
Representation, Estimation, Testing", Econometrica, Vol. 55, pp. 251-276. 

ENGLE, R., and C.W.J. GRANGER, 1991. Long-run Economic Relationships, Oxford: 
Oxford University Press. 

ENGLE, R., and B.S. YOO, 1987. "Forecasting and Testing in Co-Integrated Systems", 
Journal of Econometrics, Vol. 35, pp. 143-159. 

ERRUNZA, V., and E. LOSQ, 1985. "International Asset Pricing under M i l d 
Segmentation: Theory and Tests", Journal of Finance, Vol. 40, pp.105-124. 



EUN, C.S. and S. SHIM, 1989. "International Transmission of Stock Market 
Movements", Journal of Financial and Quantitative Analysis, Vol. 24, pp. 241-256. 

FULLER, W.A., 1976. Introduction to Statistical Time Series, New York: John Wiley. 
GIAVAZZI, F., and A. GIOVANNINI, 1988. "Can the European Monetary System be 

Copied outside Europe? Lessons from Ten Years of Monetary Policy Coordination in 
Europe" NEBR Working Paper 2786, Cambridge, Massachusetts: National Bureau 
of Economic Research, December. 

GIAVAZZI, F., and A. GIOVANNINI, 1989. "Interpreting the European Disinflation: 
The Role of the Exchange Rate Regime" in F. Giavazzi and A. Giovannini (eds.), 
Limiting Exchange Rate Flexibility: The European Monetary System, Cambridge, 
Massachusetts: MIT Press. 

GRANGER, C.W.J., 1969. "Investigating Causal Relations by Econometric Models and 
Cross Spectral Methods", Econometrica, Vol. 37, pp. 428-438. 

GRANGER, C.W.J., 1980. "Testing for Causality: A Personal Viewpoint", Journal of 
Economic Dynamics and Control, Vol. 2, pp. 329-352. 

HAUG, A.A., 1992. "Critical Values for the Z a-Phillips-Ouliaris Test for Cointe
gration", Oxford Bulletin of Economics and Statistics, Vol. 54, No. 3, pp. 473-480. 

HIETALA, P.T., 1989. "Asset Pricing in Partially Segmented Markets: Evidence from 
the Finnish Markets", Journal of Finance, Vol. 44, pp. 697-718. 

JENNERGEN, R.L. and P.E. KORSVOLD, 1974. "Price Formulation in the Norwegian 
and Swedish Stock Markets: Some Random Walk Tests", Swedish Journal of 
Economics, Vol. 76, pp. 171-185. 

JORION, P., and E. SCHWARTZ, 1986. "Integration vs. Segmentation in the 
Canadian Stock Market", Journal of Finance, Vol. 41, pp. 603-614. 

KENDALL, M.G., and A. STUART, 1967. Kendall's Advanced Theory of Statistics,Vol. 
2, reprinted 1991, London: Edward Arnold. 

KHOURY, S.J., B. DODIN and H. TAKADA, 1987. "Multiple Time-series Analysis of 
National Stock Markets and their Structure: Some Implications", in S.J. Khoury 
and A. Ghosh (eds.), Recent Developments in International Banking, Vol. 1, 
Lexington, Massachusetts: Lexington Books. 

KREMERS, J., 1990. "Gaining Policy Credibility for a Disinflation: Ireland's 
Experience in the EMS", International Monetary Fund Staff Papers, Vol. 37, No. 1, 
pp. 116-145. 

LEDDIN, A., 1991 "An Analysis of the Irish Unemployment Problem in the Context of 
the EMS Membership", paper presented to the Department of Economics, 
University College, Cork, January. 

MATHUR, I . , and V. SUBRAHMANYAM, 1990. "Interdependencies among the Nordic 
and U.S. Stock Markets", Scandinavian Journal of Economics, Vol. 92, No. 4, pp. 
587-597. 

MALLIARIS, A.G., and J.L. URRUTIA, 1992. "The International Crash of October 
1987: Causality Tests", Journal of Financial and Quantitative Analysis, Vol. 27, 
No. 3, pp.353-364. 

McKILLOP, D.G., and R.W. HUTCHINSON, 1987. "The Relevance of a 'Beta Book' for 
Irish Equities", The Economic and Social Review, Vol. 18, No. 4, pp. 257-269. 

O'LEARY, J., 1993. "The Currency Crises and its Aftermath: Prospects for Irish 
Interest Rates and the Irish Pound", paper presented at the Institute of Chartered 
Accountants i n Ireland, First Annual Conference, April. 

PHILLIPS, P.C.B., and S. OULIARIS, 1990. "Asymptotic Properties of Residual Based 



Tests for Cointegration", Econometrica, Vol. 58, pp. 165-193. 
ROLL, R., 1988. "The International Crash of October 1987", The Financial Analysts 

Journal, Vol 44, pp. 19-35. 
SCHOLLHAMMER, H. and O. SAND, 1987. "Lead-lag Relationships among National 

Equity Markets: An Empirical Investigation" in S.J. Khoury and A. Ghosh (eds.), 
Recent Developments in International Banking, Vol. 1, Lexington, Massachusetts: 
Lexington Books. 

SOLNIK, B.H., 1974. "The International Pricing of Risk: An Empirical Investigation 
of the World Capital Market Structure", Journal of Finance, Vol. 29, pp. 365-378. 

SOLNIK, B.H., 1977. "Testing International Asset Pricing: Some Pessimistic Views", 
Journal of Finance, Vol. 32, pp. 503-512. 

STEHLE, R., 1977. "An Empirical Test of the Alternative Hypotheses of National and 
International Pricing of Risky Assets", Journal of Finance, Vol. 32, pp. 493-502. 

TAYLOR, M. , and I . TONKS, 1989. "The Internationalisation of Stock Markets and 
the Abolition of UK Exchange Control" The Review of Economics and Statistics, 
Vol. 71, No. 2, pp. 332-336. 

WALSH, B., 1993a. "Credibility, Interest Rates and the ERM: The Irish Experience, 
1986-92", Centre for Economic Research, University College Dublin, Working paper 
number 93/1. 

WALSH, B., 1993b. "The Irish Pound and the ERM: Lessons from the September 
Crises and its Aftermath" Centre for Economic Research, University College 
Dublin, Working paper number 93/14. 

WHEATLEY, S., 1988. "Some Tests of International Equity Integration", Journal of 
Financial Economics, Vol. 21, pp. 177-212. 




